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(54) Semiconductor device with current confinement structure 



(57) The present invention relates to a semiconduc- 
tor device (1) with one or more current confinement re- 
gions (20,45) and to a method of manufacturing such a 
device, particularly buried heterostructure light emitting 
devices such as semiconductor lasers and light emitting 
diodes. The device (1) comprises an active layer (10), 
a current conduction region (4), one or more current 
confinement regions (20,45) adjacent the current con- 



duction region. The current conduction region (4) and 
current confinement region (20,45) are arranged to 
channel an applied electric current to the active layer 
(10). The or each current confinement region includes 
both a metal-doped current blocking structure (45) and 
a p-n junction current blocking structure (20). The p-n 
current blocking structure (20) is between the current 
conduction region (4) and the metal-doped current 
blocking structure (45). 





Fig. 1 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor device with one or more current confinement regions 
and to a method of manufacturing such a device, par- 5 
ticularly buried heterostructure light emitting devices 
such as semiconductor lasers and light emitting diodes. 
[0002] Buried heterostructure light emitting devices 
commonly have current confinement regions defined by 
areas of high resistivity that channel current to an opti- io 
cally active layer within the structure. In devices using 
InGaAsP/lnP materials, current confinement regions 
have been employed based on a reverse-biased p-n or 
n-p diode structure. Such structures provide high resis- 
tivity, and low leakage currents, and are widely used in is 
fibre optic communication systems across a range of op- 
erating frequencies. At operating frequencies about 1 
GHz, however, the performance of such devices be- 
comes limited by the capacitance of the current blocking 
structure, owing to the charge on the reverse biased di- 20 
ode junction. 

[0003] Other current blocking structures have- there- 
fore been developed, for exampie Fe-doped inP-based 
layers, as described in US patent 4,660,208. Such Fe- 
doped layers have a lower capacitance than structures 25 
based on a reverse biased junction, but do not have as 
high a resistivity. This lower resistivity also limits opera- 
tion and device lifetime at high frequencies, because of 
the resulting higher device operating temperatures. In 
order to avoid excessive temperatures, it becomes nec- 30 
essary to use a lower drive voltage, and this in turn limits 
the achievable bandwidth of a device based on Fe- 
doped material. 

[0004] In recent years there has been an increasing 
demand for fibre optic communication links having a 35 
bandwidth in excess of 1 GHz, for example up to 10 
GHz. It is an object of the present invention to provide 
a semiconductor device that addresses these issues. 
[0005] Accordingly, the invention provides a semicon- 
ductor device comprising an active layer, a current con- *o 
duction region, one or more current confinement regions 
adjacent the current conduction region, the current con- 
duction region and current confinement region being ar- 
ranged to channel electric current to the active layer, 
whereinthe or each current confinement region includes 45 
both a metal-doped current blocking structure and a p- 
n junction current blocking structure, the p-n current 
blocking structure being between the current conduction 
region and the metal-doped current blocking structure. 
[0006] It has been found that the p-n current blocking so 
structure nearest the current conduction region then 
provides high resistivity and good high frequency per- 
formance at high temperatures, while the reduction in 
the volume of the p-n current blocking structure and use 
of the metal-doped second current blocking structure 55 
further away from the current conduction region pro- 
vides reduced parasitic capacitance. 
[0007] In some type of device, for example buried het- 



erostructure laser diodes, the device includes a sub- 
strate, a mesa stripe on the substrate and an active layer 
in the mesa stripe. The current conduction region then 
channels current through the active layer. 
[0008] The mesa stripe may have one or more side 
walls that rise above the substrate. The active layerthen 
extends to the side wall(s) and the active layer is cov- 
ered at the side walls by the p-n blocking structure. 
[0009] In preferred embodiments of the invention, the 
mesa side walls slope laterally away from the active lay- 
er towards the metal-doped current confinement struc- 
ture. Also in a preferred embodiment, the metal-doped 
current confinement structure abuts the p-n current con- 
finement structure along a substantially vertical inter- 
face. 

[0010] Also according to the invention, there is pro- 
vided a method of forming semiconductor device com- 
prising an active layer, a current conduction region, one 
or more current confinement regions adjacent the cur- 
rent conduction region, the current conduction region 
and current confinement region being arranged to chan- 
nel electric current to the active layer, wherein the meth- 
od comprises the steps of: 

i) growing upon a semiconductor substrate a plural- 
ity of semiconductor layers, including the active lay- 
er and the current conduction region by which elec- 
tric current may be applied to the active layer; 

ii) growing adjacent the active layer a p-n junction 
current blocking structure; and 

iii) growing adjacent the p-n junction current block- 
ing structure a metal-doped current blocking struc- 
ture, the p-n-junction current blocking structure and 
the metal-doped current blocking structure together 
forming a current confinement region for channel- 
ling electric current to thecurrent conduction region. 

[0011] In one embodiment of the invention, prior to 
step ii), a first etch mask is formed over the active layer, 
said first etch mask defining during an etching process 
an area of the active layer adjacent the current conduc- 
tion region to be removed by the etching. Then, prior to 
step iii) a second etch mask is formed over the active 
layer and the p-n junction current blocking structure ad- 
jacent the current conduction region, said second etch 
mask defining during an etching process an area of p-n 
junction current blocking structure not adjacent the ac- 
tive layer to be removed by the etching. 
[0012] This second etch mask may then remain in 
place during the growth of the metal-doped current 
blocking structure in step iii). 

[0013] In order to achieve a sufficiently uniform width 
of the first current blocking structure, the second etch 
mask is then aligned laterally with the first etch mask, 
typically to an accuracy of about 1 0% to 20% of the width 
of the second etch mask. In one preferred embodiment 
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of the invention, the second etch mask is laterally wider 
than the first etch mask. 

[0014] In another embodiment of the invention, prior 
to step ii), an etch mask is formed over the active layer, 
said etch mask defining during a first etching process 
an area of the active layer adjacent the current conduc- 
tion region to be removed by the etching. The etch mask 
remains during the growth of the p-n current blocking 
structure in step ii). Finally, the etch mask defines during 
a second etching process an area of the p-n junction 
current blocking structure not adjacent the active layer 
to be removed by the etching. 

[0015] This etch mask may then remain in place dur- 
ing the growth of the metal-doped current blocking struc- 
ture in step iii). 

[0016] Because this process uses only one mask for 
the formation of the first current conduction structure 
and the second current conduction structure : the proc- 
ess is self-aligning for these two current blocking struc- 
tures. 

[0017] The invention will now be described by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a schematic cross-section of a buried 
heterostructure semiconductor laser device ac- 
cording to a first embodiment of the invention, com- 
prising an active layer within a buried mesa stripe, 
a current conduction region for channelling current 
to the active layer, and current confinement regions 
consisting of two distinct current confinement struc- 
tures on each side of the heterostructure; 

Figures 2 to 4 show process steps for creating a first 
current confinement structure adjacent the mesa 
stripe, formed from a p-n junction current blocking 
layer; 

Figures 5 and 6 show process steps for creating a 
second current confinement structure adjacent the 
first current blocking layer, formed from a metal- 
doped current blocking layer; 

Figure 7 shows the formation of cladding, cap, and 
electrical contact layers leading to the device of Fig- 
ure 1 ; 

Figures 8 to 10 show process steps for a second 
embodiment of the invention; 

Figure 11 and 12 show plots of small signal re- 
sponse against operating frequency at respectively 
25°C and 85°C for the laser device of Figure 1 ; and 

Figure 1 3 shows a plot of fall time against small sig- 
nal response for the laser device of Figure 1 , and 
for a various types of known semiconductor laser 
device. 



[0018] Figure 1 shows, not to scale, a cross-section 
of a semiconductor device 1 according to the invention, 
here a buried heterostructure laser diode suitable for 
use as a transmitter in a high speed fibre-optic link op- 

5 erating at 1 .55 ujm. Currently, high speed links operate 
at 2.5 or 10 Gbits/s, and bit rates of up to 40 Gbits/s 
have been demonstrated in the laboratory. 
[0019] Referring now also to Figure 2, the device 1 is 
formed starting from a wafer 3 that is 32 mm square, 

10 and that has an n~-lnP substrate 2 doped to around 
10 19 /cc, on which is grown a 2 u.m thick n -lnP buffer 
layer 8 doped to around 10 18 /cc. An active layer 10 is 
grown on the buffer layer 8 according to known tech- 
niques for fabricating planar active lasers for a laser di- 

15 ode - the active layer could be a bulk region or a strained 
multiple quantum well (SMQW) structure. An example 
of an SMQW device is discussed in W. S. Ring et al, 
Optical Fibre Conference, Vol. 2, 1996 Technical Digest 
Series, Optical Society of America. The type of active 

20 layer employed is not critical to the invention. 

[0020] In the present example, the laser diode 1 has 
a quaternary ^Ga^As^^ active layer 10 that may 
be between about 100 nm to 300 nm thick. The active 
layer 1 0 is topped by another buffer layer 1 2, also called 

25 a P 0 -layer, formed from p + -lnP, grown to be between 
about 400 nm to 1 jxm thick. 

[0021] Although not illustrated a DFB grating for the 
laser diode 1 can be contained in the n _ -tnP buffer layer 
8 or in an additional p-lnGaAsP grating layer. 

30 [0022] Then, using well-known fabrication technolo- 
gy, the wafer 3 is coated with an oxide layer 1 6 as shown 
in Figure 2. The oxide layer may be S\0 2 deposited by 
a plasma enhanced chemical vapour deposition 
(PECVD) process. It should, however, be noted that sil- 

35 icon nitride would be a suitable alternative choice to 
Si0 2 . As shown in Figure 3, the oxide layer 16 is pho- 
tolithographicly patterned with a photoresist to leave a 
patterned mask 26, and etched to remove in areas not 
covered by the patterned mask the P 0 -layer 12, the ac- 

40 tive layer 10, and all but 200 nm of the buffer layer 8. In 
this example layers 8, 1 0 and 1 2 are removed in a wet- 
etch process that undercuts the patterned mask 26 by 
about 200 nm to 500 nm. 

[0023] The layers 8, 1 0, and 12 are removed in all ar- 
45 eas except along a mesa stripe 1 4 structure that extends 
perpendicular to the plane of the drawing, and which ris- 
es above the level of the substrate 2. The mesa stripe 
14 has left and right opposite side walls 21 ,22 that to- 
gether with the buffer layer 8 and the P 0 -layer 1 2 form 
so a current conduction region 4 for an applied current I, 
and have the effect of guiding an optical mode 15 along 
the active layer 10 within the stripe 14. 
[0024] The width of the mesa stripe 1 4 varies depend- 
ing on the particular device, but for opto-electronic de- 
55 vices such as laser diodes, the ridge stripe 1 4 is usually 
between 1 uxn and 10 |j.m wide. The ridge strip 14 rises 
1 uxn to 2 pjn above the surrounding substrate 2. 
[0025] A first current blocking structure 20 is then 
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grown on the etched device up to approximately the lev- 
el of the patterned mask 26, first with a p-doped I n P layer 
17, and then with an n-doped InP layer 18. The thick- 
nesses of the p-doped and n-doped layers are similar. 
These InP layers 17 : 18form a p-n junction that is insu- 
lating when the laser diode 1 is forward biased. 
[0026] After deposition of the first current blocking 
structure 20, the PECVD oxide layer 1 6 is removed with 
1 0: 1 buffered HF from the ridge strip 1 4 to expose again 
the P 0 -layer 1 2. This leaves an etched arid coated wafer 
23 comprising the substrate 2, the mesa stripe 14 and 
the first current blocking structure 20 abutting the oppo- 
site sides 21 ,22 of the mesa stripe 14. 
[0027] The etched and coated wafer 23 is coated with 
an oxide layer, such as an Si0 2 layer or silicon nitride 
layerdeposited by PECVD, which is then pholithograph- 
icly patterned and etched as described above to leave 
a second patterned mask 36. The second patterned 
mask 36 is aligned along the length of the mesa stripe 
14, but is wider than the mesa stripe, so that the mask 
36 and extends at least 1 u.m and preferably 2 urn lat- 
erally beyond the junction between each mesa side 
21 ,22 and a top surface 37 of the P 0 -iayer i2. 
[0028] The P 0 -layer 12, the active layer 1 0 : and pref- 
erably all of the buffer layer 8 are then removed in a re- 
active ion plasma dry etch process, which cuts substan- 
tially vertical sides walls 41 : 42 through these layers. The 
resulting etched structure 44 is shown in Figure 5. 
[0029] A second current blocking structure 45 is then 
grown using a MOVCD process on the exposed semi- 
conductor surfaces of the etched structure 44. This cur- 
rent blocking structure is formed from a Fe-doped InP- 
based I layer 46 topped by an rf-inP layer 47! Alterna- 
tively, instead of iron, the metal dopant could be ruthe- 
nium or chromium. The thickness of the Fe-lnP layer is 
about 1 urn to 2 urn, so that this extends almost up to 
the mask 36. The rr-lnP layer is about 200 nm to 500 
nm thick, and extends just above the mask 36. The sec- 
ond current blocking structure 45 therefore abuts the 
side walls 41 ,42 of the first current blocking structure 20 
along a substantially vertical interface, and the first cur- 
rent blocking structure 20 abuts the side walls 21 ,22 of 
the mesa stripe 14. Because the second current block- 
ing structure 45 extends deeper within the current block- 
ing region than the first current blocking structure 20, 
the second current blocking structure 45 also abuts a 
portion of the n--inP buffer layer 8 along a substantially 
vertical interface. 

[0030] The n'-lnP layer 47 in the second blocking 
structure 45 blocks the conduction of holes through the 
blocking structure as well as acting as a barrier to the 
diffusion of Zn into the metal-doped layer 46. 
[0031] After the growth of the second current confine- 
ment structure 45, the patterned oxide layer 36 is re- 
moved with 10:1 buffered HF from the ridge strip 14 to 
expose again the P 0 -layer 12. 

[0032] A cladding layer 48 formed from p + -lnP is then 
grown above the P 0 -layer 12 and current blocking struc- 



tures 20,45 to a thickness of about 2 am to 3 jam. The 
final semiconductor layer is a 100 nm to 200 nm thick 
ternary cap layer 49 deposited on the cladding layer 48 . 
The cap layer 49 is formed from p ++ -GalnAs, highly 
5 doped to around 1 0 19 /cc t in order to provide a good low 
resistance ohmic contact for electrical connection to the 
current conduction region 4 of the mesa stripe 14. As 
an alternative to a ternary cap layer, it is possible to use 
a quaternary InGaAsP cap layer. 
w [0033] Metal 50 is then vacuum deposited on the cap 
layer 49 using well known techniques in two stages, first 
with a TiPt layer that is patterned using a lift-off process, 
and then final depositing of a TiAu layer, followed by 
metal wet etch in a photolithographically defined areas. 
15 The remaining TiAu layer forms a contact pad 52 with 
good ohmic contact through the cap layer 49. 
[0034] The resulting wafer 54 is then thinned to a 
thickness of about 70 jim to 1 00 u,m in a standard way, 
in orderto assist with cleaving. The thinned wafer is then 
20 inscribed and cleaved in a conventional process first 
transversely into bars about 350 u,m wide, and then each 
bar is cleaved into individual devices 200 u,m wide. The 
cieaved device 1 is about 350 |xm iong (i.e. in the direc- 
tion of the mesa 14) and about 200 u.m wide. 
25 [0035] A Ti/Au metal layer 53 is then deposited by 
sputtering on the rear surface of the wafer, so enabling 
the device to be soldered onto a heat sink. 
[0036] Although not shown, after testing the device 1 
may be packaged in an industry standard package, with 
30 a single mode optical fibre coupled with a spherical lens 
to an output facet of the laser diode, and with gold bond 
wires soldered onto the metalised contact 52. 
[0037] The InGaAs/lnP device 1 described above 
therefore incorporates a compound current confinement 
35 region formed from a reverse-biased p-n structure near- 
est the active region 1 0, and further away from the active 
region 10, a metal-doped InP-based layer. The p-n 
structure nearest the active region provides superior 
temperature performance, compared with a purely met- 
40 al-doped current confinement region, while at the same 
time excess leakage current through the first current 
confinement structure at high operating frequencies due 
to parasitic capacitance from the reverse-biased diode 
structure is reduced owing to the reduced volume or 
45 amount of such a structure. Therefore, as will be de- 
scribed in further detail below, the invention provides a 
high resistivity current confinement region, and low leak- 
age currents, across a wide range of operating temper- 
atures. The invention also permits the use of higher 
so drive voltages, which are useful in achieving high-speed 
operation. 

[0038] Figures 8 to 10 show how the process de- 
scribed above may be modified, in a second embodi- 
ment 101 of the invention, where features correspond- 
55 ing with those of Figures 1 to 7 are given similar refer- 
ence numerals incremented by 100. The process used 
to create the second embodiment 101 differs from that 
used to create the first embodiment 1 in that only one 
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patterned inorganic mask 126 need be deposited on the 
wafer. This mask is used in the modified process in such 
a way that the mask 126 assures the self-alignment of 
the first current blocking structure 120 with respect to 
the second current blocking structure 145. 
[0039] Here : the mask 126 is wider than the corre- 
sponding patterned mask shown in Figure 3. However, 
the layers of the first current blocking structure 120, the 
p-doped InP layer 117 and n-doped InP layer 118, can 
still be grown up approximately to the level of the mask 
1 26. The mask 1 26 is wide enough so that width of the 
first current blocking layer beneath the mask is sufficient 
for good highfrequency performance, as described 
above. Theref ore s the first current blocking structure 1 20 
and underlying buffer layer 8 outside the area of the 
mask 1 26 can be removed in a reactive ion plasma etch- 
ing process, as shown in Figure 9. 
[0040] The wafer is then processed in a similar man- 
ner to the first embodiment. The second current blocking 
structure 145 is formed with a 1 nm to 2 jim thick Fe- 
doped InP layer 146, overlain with a 200 nm to 500 nm 
thick n--lnP layer up to about the level of the top of the 
mesa strip 1 1 4. The mask i 26 is then removed, foiiowed 
by formation of the cladding layer 148, cap layer 149, 
metallic contact layer 150, and formation of a contacts 
152,53 above the mesa stripe 114 and the substrate 2. 
[0041] The performance of a semiconductor laser di- 
ode according to the invention is shown in Figures 11 to 
13. The small signal response against operating fre- 
quency at respectively 25°C and 85°C is shown respec- 
tively in Figures 11 and 12, as a plot of the small signal 
initial slope S21 in dBo (dB optical) against operating 
frequency in GHz. The small signal drop off crosses -3 
dB near 1 5 GHz. The signal fall time (90% to 1 0%) was 
measured to be about 85 ps. This is much better than 
the signal fall time of a standard buried heterostructure 
laser diode device with only a p-n junction current block- 
ing layer either side of the mesa stripe, which is typically 
between 120 ps to 250 ps. 

[0042] In order to test the efficiency of the laser di- 
odes, dc measurements of the slope of the light output 
vs drive current were made at 25°C and at 85°C. The 
slopes at typical drive currents of 8.5 mA (at 25°C) and 
29 mA (at 85°C) were measured and then divided by 
the slopes at about 1 mA. The ratio of these slopes is a 
measure of the device's efficiency which was deter- 
mined to be 0.86 at 25°C and 0.71 at 85°. For devices 
of this sort, efficiency figures such as this are considered 
to be very good. 

[0043] Figure 1 3 shows a plot of fall time for the laser 
device of Figure 1 , within the circle labelled with refer- 
ence numeral 70, compared against a range of other 
types of semiconductor laser devices. As can be seen, 
the typical fall time and S21 initial slope, characteristics 
are very good. 

[0044] Semiconductor devices according to the in- 
vention provide a high operating bandwidth and good 
lifetime characteristics. The process steps involved may 



be similar to other standard steps used in the fabrication 
of such devices. There is no need for additional expen- 
sive processing equipment. The tolerances in the align- 
ment of the mask or masks used to form the two current 
5 confinement structures are not unduly difficult to 
achieve using standard processing equipment. 
[0045] Although the present invention has been de- 
scribed specifically for the example of a laser diode, the 
invention is applicable to any high speed semiconductor 
10 device where current blocking regions help to channel 
current through a current conduction region, for exam- 
ple ridge waveguide type lasers, pump lasers, edge 
emitting light emitting diodes, edge photodetectors : sur- 
face emitting laser and light emitting diodes, and top- 
's entry photodetectors. Another example is an optical 
waveguide with a split into two waveguides at a Y-junc- 
tion. This may have electrically driven or modulated ac- 
tive optical regions in two or three of the arms of the "Y", 
for example an optical amplifier or modulator. It may 
20 then be desirable to provide a current blocking region at 
the junction of the three arms, where there may be three 
separate conduction regions. 

[0046] The invention described above have been de- 
scribed for a device based on an n~-lnP substrate, and 

25 having a first current blocking structure formed from a 
reverse biased p-n junction in laterally adjacent contact 
with the active layer structure, and a second current 
blocking structure formed from a metal-doped/n- InP 
layer structure in laterally adjacent contact with the first 

30 current blocking structure. However, it is to be appreci- 
ated that the invention can also be applied to other types 
of devices, for example those based on a p ++ -lnP sub- 
strate. In this case, the first current blocking structure" 
may be a reverse biased n-p junction, and the second 

35 current blocking structure may include a metal-doped/ 
p + InP layer structure in laterally adjacent contact with 
the first current blocking structure. The term "p-n junc- 
tion current blocking structure" therefore includes such 
a reverse biased n-p junction. 

40 

Claims 

1. Asemiconductordevice(1 ) 101)comprisingan ac- 
45 tive layer (1 0), a current conduction region (4;1 04), 
one or more current confinement regions (20,45; 
120,145) adjacent the current conduction region, 
the current conduction region (4;104) and current 
confinement region (20,45;120,145) being ar- 
50 ranged to channel electric current to the active layer 
(10), wherein the or each current confinement re- 
gion includes both a metal-doped current blocking 
structure (45;145) and a p-n junction current block- 
ing structure (20;120), the p-n current blocking 
55 structure (20;120) being between the current con- 
duction region (4; 104) and the metal-doped current 
blocking structure (45;145). 
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2. A semiconductor device as claimed in Claim 1 , the 
device including a substrate (2), a mesa stripe (14; 
114) on the substrate (2) and an active layer (10) in 
the mesa stripe (14;1 14), in which the current con- 
duction region (4;104) channels current through the 
active layer (10). 

3. A semiconductor device as claimed in Claim 2, in 
which the mesa stripe (1 4; 1 1 4) has one or more side 
walls (21 ,22; 121 ,122) that rise above the substrate 
(2), the active layer (10) extending to the side wall 
(s) (21,22:121,122) and the active layer (10) being 
covered at the side walls (21,22;121 ,122) by the p- 
n blocking structure (20;120). 

4. A semiconductor device (1) as claimed in Claim 2 
or Claim 3, in which the mesa side walls (21,22; 
121,122) slope laterally away from the active layer 
(10) towards the metal-doped current confinement 
structure (45; 145). 

5. A semiconductor device (1) as claimed in any pre- 
ceding claim , in which the metal-doped current con- 
finement structure (45; 145) abuts the p-n current 
confinement structure (20; 120) along a substantial- 
ly vertical interface (41 ,42;1 41 ,1 42). 

6. A semiconductor device (1) as claimed in any pre- 
vious claim, in which the device (1) is a buried het- 
erostructure laser diode device. 

7. A semiconductor device (1) as claimed in any pre- 
ceding claim, in which the device (1) is formed from 
lll-V semiconductor materials. 

8. A method of forming semiconductor device (1 ,101) 
comprising an active layer (10), a current conduc- 
tion region (4; 104), one or more current confine- 
ment regions (20,45; 120,1 45) adjacent the current 
conduction region, thecurrent conduction region (4; 
104) and current confinement region (20,45; 
120,145) being arranged to channel electric current 
to the active layer (10), wherein the method com- 
prises the steps of: 

i) growing upon a semiconductor substrate (2) 
a plurality of semiconductor layers, including 
the active layer (1 0) and the current conduction 
region (4;1 04) by which electric current may be 
applied to the active layer (10); 

ii) growing adjacent the active layer (10) a p-n 
. junction current blocking structure (20;120); 

and 

iii) growing adjacent the p-n junction current 
blocking structure (20; 120) a metal-doped cur- 
rent blocking structure (45;145), the p-n-junc- 
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tion current blocking structure and the metal- 
doped current blocking structure (45;145) to- 
gether forming a current confinement region for 
channelling electric current to the current con- 
duction region (4; 104). 

9. A method as claimed in Claim 8, in which: 

prior to step ii) a first etch mask (26) is formed 
over the active layer (10), said first etch mask 
(26) defining during an etching process an area 
of the active layer adjacent the current conduc- 
tion region (4) to be removed by the etching; 
and 

prior to step iii) a second etch mask (36) is 
formed over the active layer (10) and the p-n 
junction current blocking structure (20) adja- 
cent the current conduction region (4), said sec- 
ond etch mask (36) defining during an etching 
process an area of p-n junction current blocking 
structure (20) not adjacent the active layer (10) 
to be removed by the etching. 



25 10. A method as claimed in Claim 8, in which: 



prior to step ii), an etch mask (126) is formed 
over the active layer (10), said etch mask de- 
fining during a first etching process an area of 
the active layer adjacent the current conduction 
region (104) to be removed by the etching; 



20 
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said first etch mask (126) remains during the 
growth of the p-n current blocking structure 
(120) in step ii); and 

said etch mask (126) defines during a second 
etching process an area of the p-n junction cur- 
rent blocking structure (20) not adjacent the ac- 
tive layer (1 0) to be removed by the etching. 
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